plant (SCT) recipients had higher treatment-related mortality (TRM) at 6 months (18% versus 3%, P ‫؍‬ .002), and this disadvantage persisted at 1 and 5 years. Early relapse rates after alloSC transplantation and autoSC transplantation were similar, but significantly lower relapse rates were observed in alloSCT recipients at 1 and 5 years (32% versus 46%, P ‫؍‬ .05; and 34% versus 56%, P ‫؍‬ .004, respectively). No differences were noted in lymphoma-free survival rates between alloSC transplantations and autoSC transplantations (5-year rates 36% versus 39%, P ‫؍‬ .82). AutoSCT recipients had higher overall survival at 6 months (75% versus 59%, P ‫؍‬ .01), but survival did not significantly differ between the 2 groups at 1 and 5 years (60% versus 49%, P ‫؍‬ .09; 44% versus 39%, P ‫؍‬ .47, respectively). Multivariate analyses to account for confounding factors confirmed these results. Independent of SCT type, BM involvement at the time of transplantation and disease status more advanced than first complete remission were associated with inferior outcomes. In summary, alloSC transplantation for LBL is associated with fewer relapses than with autoSC transplantation, but higher TRM offsets any potential survival
Introduction
The lymphoblastic lymphomas (LBLs) are rare, accounting for approximately 2% of non-Hodgkin lymphomas (NHLs). 1 These high-grade lymphomas usually are composed of precursor T cells, have a predilection for men and boys, and occur most commonly in children, adolescents, and young adults. 2 The disease is clinically aggressive, frequently involves the bone marrow and/or central nervous system, and in many respects is indistinguishable from acute lymphoblastic leukemia (ALL). 3, 4 Although patients with limited disease may fare well, the outcome for those with poor-risk features (bone marrow or central nervous system involvement or lactate dehydrogenase [LDH] Ͼ 300 IU/L) or recurrent disease is generally less favorable. [5] [6] [7] Children have better outcomes than adults with poor-risk disease, [6] [7] [8] [9] but recurrent disease is infrequently cured regardless of age. 10, 11 Because of the high relapse rates and low cure rates for recurrent disease, both autologous and allogeneic hematopoietic stem cell transplantations are used in an attempt to improve survival. Long-term overall survival rates of 56% to 80% are reported with each approach in patients who received transplants in first complete remission. [12] [13] [14] [15] Prolonged remissions and long-term survival of patients with LBL are reported after both autologous and allogeneic transplantations for recurrent or refractory disease. Because these studies include small numbers of patients, it is not known which type of transplantation, if any, represents the better therapy for patients with LBL. [16] [17] [18] [19] Some evidence supports the existence of a graft-versus-lymphoma (GVL) effect, [20] [21] [22] but the contribution of GVL toward survival remains unclear. We undertook a retrospective study of patients who underwent either autologous or allogeneic transplantation and analyzed the effect of several important factors, including stem cell source, on survival.
Patients and methods

Data sources
The International Bone Marrow Transplant Registry (IBMTR) is a voluntary working group of more than 350 transplantation centers worldwide that contribute detailed data on consecutive allogeneic hematopoietic stem cell transplantations to a Statistical Center at the Health Policy Institute of the Medical College of Wisconsin in Milwaukee. The Autologous Blood and Marrow Transplant Registry (ABMTR) is a voluntary organization of more than 250 transplantation centers primarily in North and South America that report data on consecutive autotransplantations to the same Statistical Center. On the basis of the data collected in the Centers for Disease Control Hospital Surveys 23,24 and the US Government Accounting Office 25, 26 and worldwide surveys of transplantation activity, approximately 40% of allogeneic transplantations worldwide and more than 50% of autotransplantations in North and South America are registered with the IBMTR/ ABMTR. Participating centers are required to report all transplantations consecutively; compliance is monitored by on-site audits. Patients are followed longitudinally, with yearly follow-up. Computerized checks for errors, physician reviews of submitted data, and on-site audits of participating centers ensure the quality of data.
The IBMTR/ABMTR collects data at 2 levels: registration and research. Registration data include disease type, age, sex, pretransplantation disease stage and chemotherapy responsiveness, date of diagnosis, graft type (bone marrow and/or blood-derived stem cells), high-dose conditioning regimen, posttransplantation disease progression and survival, development of a new malignancy, and cause of death. Requests for data on progression or death for registered patients are at 6-month intervals. All IBMTR/ABMTR teams contribute registration data. Research data are collected on subsets of registered patients, including comprehensive pretransplantation and posttransplantation clinical information.
Patients
This study includes patients with LBL who underwent autologous or HLA-identical sibling transplantation from 1989 to 1998 and were reported to the IBMTR/ABMTR. Only patients who received single transplants were included. Excluded were patients who received T-cell-depleted grafts or nonmyeloablative conditioning regimens. A total of 76 (46%) of 165 registered HLA-identical sibling transplantations and 128 (41%) of 312 registered autologous transplantations had comprehensive data available for analysis and were included in the study. Comparison of 1-year probabilities of survival between patients with and without comprehensive data showed similar rates: autologous, 63% versus 57%, P ϭ .46; HLA-identical sibling, 51% versus 56%, P ϭ .81. Likewise, no differences in age distribution, sex, or histologic type were noted. Data analyzed were reported by 52 IBMTR teams from 24 countries and 64 ABMTR teams from 12 countries.
End points
Primary end points were treatment-related mortality (TRM), relapse, disease-free survival (DFS), and overall survival. TRM was defined as death during a continuous complete remission or death in the first 28 days after tranplantation. Relapse was defined as persistent or recurrent disease. Patients with persistent disease were classified as relapsed at day 28, even if they did not subsequently progress. Disease-free survival was defined as survival without evidence of disease. For analyses of DFS, relapses or deaths from any cause were considered as events. For analyses of overall survival, events were deaths from any cause.
Statistical analysis
Patient, disease, and treatment-related variables for the autologous and HLA-identical sibling transplantation cohorts were compared using the chi-square statistic for categorical variables and the Wilcoxon test for continuous variables. Univariate probabilities of DFS and survival were calculated using the Kaplan-Meier estimator; the log-rank test was used for univariate comparisons. Patients were censored at the time of last followup. Probabilities of TRM and relapse were calculated using cumulative incidence curves to accommodate competing risks. 27 Relapse was used as competing risk for TRM and TRM as the competing risk for relapse. Ninety-five percent confidence intervals for all probabilities and P values of pairwise comparisons were derived from point-wise estimates and were calculated using standard techniques. 28 TRM, relapse, DFS, and survival after autologous versus HLA-identical sibling transplantation were evaluated in multivariate analyses using Cox proportional hazards regression to adjust for other potentially confounding differences between the cohorts. Variables considered in multivariate analysis are as follows: type of transplant, age, sex, Karnofsky performance score at transplantation, disease stage at transplantation, chemosensitivity, bone marrow involvement at transplantation, central nervous system involvement, serum LDH, initial chemotherapy given, use of total body irradiation (TBI) and growth factors, graft source, and year of transplantation. We tested the proportional hazards assumption for each factor in the Cox model using time-dependent covariates. When this indicated differential effects over time (nonproportional hazards), models were constructed breaking the posttransplantation time course into 2 periods, using the maximized partial likelihood method to find the most appropriate breakpoint. Interactions between the main effect term and all covariates were tested prior to stepwise modeling. After modeling time-varying effects and interactions, the final multivariate model was built using a forward stepwise model selection approach. Each model contained the main effect (type of transplant, HLA-identical sibling versus autologous graft) to allow adjustments for other covariates. Factors significantly associated with the outcome variable at a 5% level were kept in the final model. First-order interactions were again examined between the type of transplant and all significant prognostic factors. Adjusted probabilities for DFS and overall survival were calculated with the multivariate Cox models described previously and weighted by the sample proportion value for each prognostic factor found significant in the regression models. To validate that results applied similarly to patients treated in remission and those with more advanced disease status, the multivariate analyses were repeated for patients in first complete remission alone and for all patients not in first complete remission. Examination for center effects used a random effects or frailty model. 29 All P values are 2-sided.
Results
Patient, disease, and treatment-related characteristics
There were 76 HLA-identical sibling transplantations and 128 autologous transplantations available for analysis (Table 1) . Autologous transplant recipients were older, more likely to receive peripheral blood stem cells, more likely to receive transplants before 1994, and less likely to receive a TBIcontaining conditioning regimen than allogeneic transplant recipients. The 2 groups did not differ significantly for other patient, disease, and treatment-related characteristics studied.
Treatment-related mortality
At every time point following transplantation (Table 2) , allogeneic transplant recipients were significantly more likely to die of treatment-related causes than autologous transplant recipients ( Figure 1 ). The 5-year cumulative incidences of TRM were 25% (95% confidence interval [CI], 16%-36%) after allogeneic transplantation and 5% (95% CI, 2%-10%) after autologous transplantation; pointwise P Ͻ 0.001. Multivariate analysis revealed that donor source was the only significant predictor of TRM. Patients who received an allogeneic transplant were 6.12 [95% CI, 2.25-16.56] times more likely to die of treatment-related causes than autologous transplant recipients. The findings remained the same when the analyses were done separately for patients in first complete remission and for patients with advanced stage disease. Graft-versushost disease (GVHD) was reported as the cause of death in only 2 (7%) of the allogeneic transplant recipients; however, the cumulative incidence of GVHD in patients who died of TRM was 47% but only 15% in those who did not, suggesting that GVHD contributed to TRM, although it was not always the proximate cause of death. Infection, pneumonitis, and organ failure accounted for most TRM for both autologous and allogeneic transplant recipients.
Relapse
For the first 6 months following transplantation, there was no statistically significant difference in the likelihood of relapse or persistent LBL after autologous versus allogeneic transplantation (Table 2 ; Figure 2 ). Among patients who survived in remission for 6 months, subsequent relapse was more likely in autologous transplant recipients than in patients who received allogeneic transplants, leading to a statistically significant difference in the cumulative incidence of relapse by 1 year after transplantation. The 5-year cumulative incidences of relapse were 34% (95% CI, 23%-45%) after allogeneic transplantation and 56% (95% CI, 45%-65%) after autologous transplantation; pointwise P ϭ .004. Multivariate analysis revealed that donor source, lymphomatous involvement of the bone marrow at transplantation, and disease status at transplantation were independent predictors of persistent or recurrent lymphoma after transplantation (Table 3 ). There was no statistically significant effect of acute or chronic GVHD on the risk of relapse for allogeneic transplant recipients, but low statistical power could miss a small effect.
Disease-free and overall survival
Multivariate analysis of DFS found that allogeneic transplant recipients had inferior DFS for the first 6 months following transplantation and superior disease-free survival after 6 months, but these differences did not reach statistical significance ( Figure  3 ). The 5-year adjusted probabilities of DFS were 36% (95% CI, 24%-48%) after allogeneic transplantations and 39% (95% CI, 30%-48%) after autologous transplantation; pointwise P ϭ .82. Disease status at transplantation was more important than source of stem cells. Patients who received transplants in first complete remission had higher DFS than transplant recipients who had more advanced disease (Table 4) . No other variable predicted DFS. When subgroup analyses were performed for patients in first complete remission and for patients in first complete remission without prior bone marrow involvement, the results were the same. Allogeneic transplant recipients were almost twice as likely to die during the first 6 months after transplantation compared with autologous transplant recipients. Among patients who survived the first 6 months, subsequent survival was similar for autologous and allogeneic transplant recipients ( Figure 4 ; Table 5 ), but treatment failure patterns differed. Patients who received autologous grafts were more likely to die of persistent or recurrent lymphoma in the early and late posttransplantation periods than were allograft recipients. No single cause accounted for a majority of deaths after allografts; deaths from lymphoma, pneumonitis, organ failure, and GVHD were equally common. The 5-year adjusted probabilities of survival were 39% (95% CI, 29%-49%) after allogeneic transplantation and 44% (95% CI, 36%-52%) after autologous transplantation; pointwise P ϭ .47. Advanced disease status and poor performance status at transplantation were the only other factors predictive of higher mortality (Table 5) .
Discussion
Hematopoietic stem cell transplantation is an option for some patients with LBL, particularly those with recurrent or refractory disease. Some investigators suggested that transplantation has a role for LBL in first complete remission, 13, 15 and in a prospective randomized trial recipients of an autologous transplant had superior relapse-free survival compared with patients who received conventional consolidative and maintenance chemotherapy. 12 In this study, approximately one third of the patients received their transplant in first complete remission. Whether stem cell transplantation will continue to have a role in the management of LBL in first complete remission is not known. Newer approaches, such as the application of pediatric ALL therapy to adult LBL, 7 may result in low relapse rates, although that goal is not yet achieved in patients with very high risk features. Not surprisingly, the present study revealed that transplant recipients who had less advanced disease and good performance status were more likely to become long-term survivors. Overall survival was similar for both autologous and allogeneic transplant recipients, regardless of disease stage, bone marrow involvement, time from diagnosis to transplantation, or other potentially confounding factors. However, the pattern of treatment failure was different for the 2 groups.
Treatment-related mortality was higher with allogeneic transplantation
In the early months after transplantation, TRM was substantially higher in allogeneic than autologous transplant recipients, leading to a survival advantage with autologous transplantation through the first 6 months. A single explanation for higher TRM is not apparent. Reported causes of death included pneumonitis, infection, and organ failure. Although grade II-IV GVHD developed in 28% of allograft recipients, 47% of the patients with TRM were diagnosed with acute GVHD at some point prior to death. It is likely that GVHD contributed to mortality even though the proximate cause of death was reported as infection, organ failure, or pneumonitis. However, GVHD does not necessarily account for all the higher TRM between allograft or autograft recipients. Allograft recipients were more likely to receive radiation-containing conditioning regimens and use bone marrow as the source of stem cells. It is possible that these factors contributed to increased mortality through greater organ toxicity and/or slower engraftment, but proof to support this contention is lacking. Higher TRM but fewer relapses after allogeneic compared with autologous transplantation is observed in other comparative studies of transplantation for hematologic malignancies. [30] [31] [32] [33] Relapses were less likely with allogeneic transplantation As expected, bone marrow involvement and advanced disease stage at transplantation were associated with relapse independent of transplant type. We found that an allogeneic source of stem cells was associated with a reduced risk of relapse, even though survival did not improve because of higher TRM. The observation of fewer relapses in allogeneic transplantation held true in multivariate analysis, after adjustment for the possibly confounding effects of age, sex, Karnofsky performance score at transplantation, disease stage at transplantation, chemosensitivity, bone marrow involvement at transplantation, central nervous system involvement, serum LDH level, initial chemotherapy given, use of TBI and growth factors, graft source, time from diagnosis to transplantation, and year of transplantation.
Three possible explanations for this observation are suggested. First, a graft-versus-lymphoma effect provided protection against relapse. Although the existence of a GVL effect is supported by clinical observations, [20] [21] [22] there are limited data for its activity in LBL. One prior report found relapse was less likely for patients with more advanced disease who received an allogeneic compared with autologous transplant. As in the present study, the antilymphoma benefit of an allogeneic transplantation was offset by higher TRM. 14 In our study, we found that there were far fewer relapses after allogeneic than autologous transplantation, regardless of disease stage. We did not find a statistically significant protective effect of GVHD against relapse. However, it is also well documented that clinically evident GVHD is not a mandatory prerequisite for GVL. 34 A second explanation is that reinfusion of autologous stem cells contaminated with tumor cells contributed to the higher relapse rate in the autologous transplant group. More than 90% of the stem cell collections were not purged, and, in any event, the effectiveness of purging to prevent reintroduction of lymphoma is not established. Finally, it is possible that the difference in the relapse rates may be that TRM in the allogeneic transplant group occurred preferentially in those destined to relapse.
This current study suggests that, as practiced in the previous decade, the choice between allogeneic versus autologous stem cells made little difference in overall transplantation outcome, regardless of disease status or other important factors. However, the pattern of treatment failure differed and gives important clues as to future strategies. Because most patients lack an available allogeneic donor, new strategies to improve the outcome of autologous transplantation are needed. The lack of an obvious plateau in relapses after autologous transplantation indicates that late disease control is a major problem. Incorporation of current or future monoclonal antibody therapies, perhaps as posttransplantation consolidation, may be of value for these patients.
Because TRM was the most important cause of treatment failure for the allogeneic patients, strategies to reduce TRM without compromising the GVL effect may be useful. Results from animal studies suggest that drug strategies that prevent GVHD while preserving GVL may be possible. 35, 36 Alternatively, modest reductions in conditioning intensity may decrease TRM without increasing the risk of relapse. 37, 38 However, the full measure of the toxicity associated with reduced intensity transplantation, such as GVHD,
is not yet known, and reduction in intensity may compromise tumor control. Some centers are exploring high-dose therapy with autologous transplantation followed by reduced intensity allogeneic transplantation with promising results in certain settings, including high-risk lymphoma. 39, 40 A carefully designed clinical trial to test reduced intensity allogeneic transplantation for patients with lymphoblastic lymphoma may also be worth considering.
